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Abstract 
The comparison of low carbon content additives (wood biomass and straw biomass ash mixture) with zeolites-like material 
shows a similar chemical composition. Based on this similarity, experiments to determine the biogas yield enhancement were 
carried out. Due to high pH levels of additives, no enhancement were determined. Further research is needed to prove the theory.  
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1. Introduction 
European Union (EU) goals for the year 2020 clearly state that use of renewable energy sources should be 
increased [1]. Reasons like global warming, pollution problems and resource depletion have encouraged EU 
Member States to use and research new or existing solutions for renewable energy production. Anaerobic digestion 
(AD) for biogas production is one of the most promising areas of renewable energy production. EU statistics 
highlight a five-fold increase of primary biogas production in EU within the latest decade [2].  
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Recently specific fields of interest have been devoted to enhancement of the AD process. The parameters can be 
optimised, the input can be pre-treated or additives can be used to achieve higher methane content or biogas yield [3, 
4]. Also the use of zeolites for AD process improvement has been examined [5].  
Zeolites are crystalline microporous alumnisilicates belonging to the tectosilicate group and comprising within 
their structures channels and cavities of molecular dimensions. The chemical composition of zeolites consists of 
numbers of complex heteroatoms: Al3+; Ga3+; B3+; Fe2+; Fe3+; Co2+; Be2+; Zn2+; Li+; Ti4+; Ge4+; V4+; Sn4+; Ni2+; etc. 
[6]. They present specific characteristics like: high capacity for immobilization of microorganisms, capability of 
improving of the ammonia/ammonium equilibrium and possibility of reducing ammonia and ammonium ion in the 
solution [5]. Basically zeolites are used as a surface where bacteria can grow (thus decreasing the retention time as 
well as increasing productivity in a set timeframe).  
The proper amount of zeolites to be used in the AD process is still a question of matter. According to Montalvo 
[7], a proper range is identified on the values among 2 g/l and 4 g/l while Kotsopoulos [8] suggests the use of 12 g/l. 
Study of Tada et. al. [9] describes the positive effect of zeolites used together with ammonium rich substrates 
showing three-fold total methane content increase. Wang et. al. [10] studied the effects of zeolites with ammonium-
rich input. They found that correct use of zeolites may increase the methane content in biogas (from 62.5 % to 82.2 
%) as well as the overall methane content produced (178.5 l CH4/kg VS compared to 57.6 l CH4/kg VS without 
zeolites). 
Even though the use of zeolites as additives within AD processes seems promising, important questions arise. 
The amount of natural zeolites in nature is limited as they are minerals. Therefore it is necessary to think of 
alternative sources of zeolite-like materials. As mentioned by Ahmaruzzaman and Kalembkiewicz [11, 12], coal ash 
can be converted into low-grade zeolite-like materials. It has also been found that such materials present a structure 
similar to natural zeolites with the exception of some chemical elements [13]. 
Within this background the research on novel sources or types of zeolites represent a real and actual research 
issue. From the proposed literature review, the lack of scientific research using biomass ash as zeolites has been 
detected. The authors want to propose a study on the use of biomass-ash based zeolite-like material impact on 
anaerobic digestion process. The general composition of biomass ashes is similar to natural zeolite content, so their 
ability to improve the biogas production in AD process can be assessed. Within this study a mixture of wood and 
straw ashes are used for the evaluation. 
A preliminary experiment is proposed in order to determine whether a wood and straw ash mixture could be 
potentially used as a zeolite-like material for an anaerobic digestion process (or simply as an additive to enhance the 
biogas yield). The new material shows some similarities with zeolites and thus its performance should be tested. 
As there is not enough scientific research and publications focusing on the use of biomass ash for production of 
zeolite-like materials, the aim of the article and the experiments is to evaluate wood and straw ash mixture 
performance as a zeolite-like material for biogas yield enhancement. The results are then compared with the 
performances obtained from the mineral-based zeolites [5, 7, 8, 9, 11, 14].  
2. Methodology 
2.1. Comparison of ash and natural zeolites 
In order to say that different ash mixtures are similar to natural zeolites, a comparison of chemical compositions 
is made. Ashes of different biomass (wood and straw based ashes) are selected so the proportion of them could be 
changed thus influencing the mixture characteristics. The chemical composition of the used wood ash compared to 
natural zeolites presents a higher concentration of chemical elements like CaO, K2O, MgO, Al2O3 as well as SiO2 
(see Fig. 1). The chemical composition of the samples is compared with similar researches, where chemical 
composition of the wood and straw were analysed [13]. 
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Fig. 1. Chemical content comparison of natural zeolites, wood and straw ashes [13] 
The straw ashes mainly consist of SiO2, K2O and CaO. The main difference between natural zeolites and straw 
ash is Al2O3 content (natural zeolites present a share of 30 % while straw ash only 3 %). On the other hand, wood 
ash shows a higher amount of Al2O3 than straw ash (but still lower than natural zeolite). The CaO and K2O amount 
is very high in wood and straw ash compared to natural zeolites. The structure of natural zeolites can be more 
complex since they may contain not only key elements like SiO2, Al2O3, but also other elements like Na2O, K2O, 
CaO, MgO, FeO and H2O [15, 16, 17, 18, 19]. A material composition analysis of zeolite-like materials (i.e. ash 
mixture) and zeolites themselves is needed to compare the results between different studies.  
2.2. Ash mixture preparation 
Within the experiments, bottom ash from wood and straw briquettes have been used [20]. After collection of the 
ashes, they were kept in hermetically sealed plastic bags in order to avoid a change in the moisture content. The first 
step of sample preparation was the crushing of ashes in a pestle. Distilled water was used as a binding agent to shape 
the material as spheres (to provide a larger total surface area and less chance of sample sticking on laboratory 
equipment). 
Based on previous experiments by the authors [14], a heating temperature of 900 °C was chosen (with this 
temperature the samples showed a more porous surface as well as a better binding of ashes). The samples were 
heated for 2 hours, cooled and placed again into hermetically sealed bags until final use in biogas batch tests. The 
diameter of samples was 1 ± 0.2 cm.  
Through the heating of the ash-water mixture, a porous surface on the sphere formed. This provides a larger total 
surface available for methanogenic bacteria. This also provides the option to re-use the mixture (in contrast to the 
option of adding ash as a powder directly into the batch).  
Three types of samples were prepared for the biogas batch-tests – S25 %, S50 % and S75 % where the percentage 
shows the straw biomass ash content of the mixture. The values are chosen according to the design of THE 
experiment.  
2.3. Batch experiment set-up  
As an inoculum, the anaerobic suspended biomass from municipal wastewater treatment plant “DaugavgrƯva” 
(Riga, Latvia) was chosen [21]. The inoculum was kept at 37 °C in an incubator for 5 days before the experiment to 
minimize the possible influence on the experimental results. No other pre-treatment method was performed. The 
total solids (TS) and volatile solids (VS) content of inoculum were determined (TS – 1.9 ± 0.04 %, VS – 59.8 ± 0.14 
%) according to the US Environmental Protection Agency’s issued methodology [22].  
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The biomass used for the biogas batch experiments was macrophyte species Ceratophyllum demersum. (TS – 5.1 
± 0.28 %, VS – 78.3 ± 0.85 %). The biomass used within the biogas yield tests was shredded to particles in sizes up 
to 2 mm. 
Table 1. Biogas batch test plan 
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The batch test for biogas yield evaluation was carried out in 100 ml serum bottles (input volume 80 ± 2 ml) and 
under mesophilic conditions (37 °C). The inputs for each sample were made according to the experiment plan (see 
Table 1). Before sealing the bottles with rubber-aluminium caps, they were flushed with a nitrogen gas. 
The measurements of produced methane were carried out with syringes containing NaOH solution as a buffer 
solution. As carbon dioxide is soluble in sodium hydroxide, the measured outcome is methane. This method does 
not provide information about the ratio of carbon dioxide and methane. The duration of the experiment was 30 days.  
Samples (in three replicates) with no additives as well as with no biomass were made in order to be able to 
compare the performance of low carbon content additives (samples B.1. to B.3. with biomass but with no additives, 
samples A.1. to A.3. with only inoculum, no biomass and no additives). 
3. Results  
As mentioned before, the aim of the experiment was to determine the performance of low carbon content 
additives (ash mixture sample) as a biogas yield enhancer. The resultive yields of batch-tests are shown in Fig. 2.  
 
Fig. 2. Methane yields of batch-test, where A – samples with only inoculum, B – samples with inoculum and biomass, 25 – samples with 
inoculum, biomass and additive S25 %, 50 – with additive S50 %, 75 – with additive S75 %; 
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As it can be seen, the highest yield is for samples using biomass without additives. Thus it seems that the effect 
of the additives within the batch test was negligible in terms of biogas yield production.  
At the stage of the experiments, deeper analysis is necessary in order to better understand the crucial factors that 
lead to negligible results. This deeper understanding should be more addressed to evaluating the effect of the shape 
of additives, the effect of the compositions of the feedstock used and the effect of the process parameters (such as 
pH and/or C:N ratio). For this reason these results should not be considered conclusive. 
At this stage of analysis, the effect of pH within the AD processes can be assessed. The pH values of ash mixture 
samples were measured before the experiment (resulting in a range of 9–11 degrees). As the anaerobic digestion 
process is highly sensitive to pH value and its changes, the experiment was unsuccessful to reach its goal. An 
attempt to reduce the pH levels by washing the low carbon content samples with distilled water was made, but no 
significant change was observed. After the experiment, the bottle content was examined, the pH levels in the bottles 
without ash mixture additives were around 7.4 to 7.9 while with additives from 8.7 to 9.2, which indicates that the 
high pH values of additives have influenced the overall pH value; increasing it above the optimal range of 6.8–7.2.  
According to other studies [5, 7, 8, 9,11,14], the use of natural zeolites or zeolite-like materials as additives show 
an enhancement of the methane production up to 5 times [9, 11,14], for this reason more extended experimental 
research on the use biomass ash needs to be carried out.  
4. Conclusions and Discussion 
The aim of the study was to evaluate the effectiveness of the use of ash-based zeolite-like materials for 
enhancement of the AD process. The study is a preliminary step for evaluating alternatives to mineral-based zeolites 
for biogas enhancement. Within the experiment three mixtures of zeolite-like material with different ratios of straw 
and wood ashes (25 %, 50 % and 75 %) were examined. The performance of low carbon content additives in terms 
of biogas yields at this stage of analysis was negligible. The high pH levels of the samples inhibited the activity of 
the methanogenic bacteria (optimal pH in biogas process should be around 6.8–7.2, the pH of ash mixture were 
9í11).  In order to reduce the pH value of samples they were washed (value decreased from 11 to 9) but without any 
effect on pH decrease.  
For this reason it is necessary to examine and evaluate the effects of additives with a pH levels compatible to 
anaerobic digestion process. Also the effect of the shape and C:N ratio within the experiments should be evaluated.  
The research shows that there is a potential on ash-made zeolites within batch tests thus avoiding the depletion of 
other raw materials. 
The biogas yield test was carried out with macrophyte as biomass and sludge digestate as inoculum. More tests of 
input chemical compositions are needed to understand the C:N ratio and other parameters and find the best option 
for inputs and additives. It is recommended to evaluate the pore size and the surface area of the zeolite-like material. 
Even though the results of the study are negligible, further research should not be discouraged as the potential use 
and efficiency of such additives is high. If the correct proportions and types of ashes are found, pre-treatment 
methods applied the material can mean that EU goals of year 2020 can be achieved more easily. The higher the 
efficiency of biogas plants, the bigger part of total energy consumed can be replaced with renewable energy sources. 
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